EXPERIMENTAL METHODS
The growth response to a D-amino acid was determined by omission of the corresponding Lor DL-form from the medium and substitution of the D-amino acid, thus permitting observation of the response to the D-form in absence of the L-form of the same amino acid. Since without the L-form of any one of the amino acids studied the lactobacilli fail to grow (with a few exceptions), the presence of the corresponding D-amino acid affords a contrast in response of the organ-1 This investigation was supported in part by research grant D68 from the National Institutes of Health, U.S. Public Health Service.
ism. Growth under these circumstances is usually interpreted as ability to utilize the D-amino acid, although it is realized that other factors may play a part in the result. Among such factors are antagonistic effects between certain amino acids or the possible necessity of the Lform of the amino acid for utilization of the D-form, as reported recently by Shockman and Toennies (1954) in the case of Streptococcus faecalis strain 9790 and methionine. A chemically defined medium was used for all tests. This consisted of 18 amino acids, needed B vitamins including vitamin B6, purines and pyrimidines, acetate, glucose, and salts. The detailed composition was given previously (Koser and Thomas, 1955) . To the medium was also added at the time of inoculation 3 mg ascorbic acid to tubes receiving heterofermentative lactobacilli. The medium contained all amino acids known to be essential for the lactobacilli used, plus a number of nonessential ones whose presence greatly facilitated growth. They were used either in the L-form or, if there was some suspicion of purity, the synthetic DL-amino acid was used. All lactobacilli emploved in the investigation grew well in this medium. In only a few instances were changes in the medium made; the tests of D-aspartic acid necessitated a few changes in composition and in some tests with D-glutamic acid the amount of L-aspartic acid was lowered. These and a few other departures from the accepted procedure will be noted later in connection with the results.
A Growth readings are for 48 hr incubation unless otherwise specified by the number of days in parenthesis at the top of the column or after the turbidity figure.
The following amounts of D-amino acids were used in,g per ml: phenylalanine 50, valine 200, leucine 100, isoleucine 200, glutamic acid 400. In the experiment with D-glutamic acid shown above 100 jug per ml of L-aspartic acid was used.
* Lactose negative L. casei. t Very light growth after 5 to 7 days, but no further development. Previous reports in the literature concerning the effect of D-amino acids on lactobacilli have dealt for the most part with the strains used for assays, L. plantarum strain 8014 (i. e., L. arabinosus strain 17-5) and L. casei strain 7469. Concerning phenylalanine Stokes and Gunness (1944) reported that only the L-form was utilized by L. casei. Our results show that inability to make use of D-phenylalanine is common not only to other L. casei strains, but to most strains of the other species as well.
With respect to the next amino acids, Kuiken et al. (1943) found that on substitution of D-valine or D-isoleucine for the respective L-form, L. arabinosus strain 17-5 was unable to grow, as determined by acid production after 72 hr incubation at 35 C. Our results with D-valine are in agreement with this, though delayed growth appeared.
In D-leucine and D-isoleucine the L. plantarum strains all exhibited a lag period of 20 to 24 hr but had grown well by 48 hr. Hegsted (1945) reported that D-leucine, in the absence of L-leucine, supported some growth of L. arabinosus strain 17-5, though much below normal, but D-valine and D-isoleucine showed no activity for this organism.
It has been reported that D-valine and D-leucine may inhibit growth of lactobacilli in varying degree, if supplied in sufficient quantity. The amounts needed for such an effect are generally greater than those used here, often 8 to 20 mg, or even 50 mg per tube (Fling and Fox, 1945; Teeri, 1954) . In some cases these larger amounts were added to a complete medium which contained the corresponding L-amino acids.
Concerning D-glutamic acid, Camien and Dunn (1949, 1955) demonstrated utilization bv L. arabinosus strain 17-5 and also inhibition of the process by L-aspartic acid. Our results indicate that D-glutamic acid, unlike the other D-amino acids of table 1 can be utilized by representative strains of all 3 species of lactobacilli, though at times evidently with more difficulty than L-glutamic acid. The interrelated effects of D-glutamic and L-aspartic acids, as seen with different lactobacilli, will be discussed more fully later.
Results with D-aspartic acid are considered separately from those listed in table 1. To demonstrate a need for aspartic acid it is usually necessary to omit biotin from the medium. This in turn necessitates the use of an oleate along with aspartic acid for the purpose of securing growth. Polyoxyethylene sorbitan monooleate "tween 80", was used. Without biotin, all lactobacilli used for the tests grew satisfactorily with the addition to the basal medium of 100 ,ug per ml of tween 80 and 200 ,ug of L-aspartic acid; they failed to grow when the aspartic acid was omitted. That is, L-aspartic acid is required under these conditions (without biotin). Graded amounts of D-amino acids. Since some D-amino acids were utilized by certain lactobacilli, a determination of the amounts needed to support growth was made. Table 3 The amount of D-leucine needed for best growth and acid production is not greatly different from that of DL-leucine, but the amount of D-valine that must be supplied for L. fermenti is 2 to 5 times that of DL-valine needed for comparable growth. The amounts as determined in previous work (Koser and Thomas, 1955) were: for DL-leucine, 40 jig per ml for 8 of 9 strains of lactobacilli; for DL-valine 40 to 100 jig per ml for 9 lactobacilli. The effect of graded amounts of D-glutamic acid and of D-threonine was also studied. In the case of D-glutamic acid it was observed that rather large amounts, such as 1000 ,ug per ml, were needed for satisfactory growth, particularly of L. casei in the usual experimental basal medium. However, when the amount of L-aspartic acid in the inedium was reduced from 400 jig to 100 jig or less per ml, the lag period of this organism and of L. plantarum was notably reduced and growth occurred more promptly. Camien and Dunn (1949) previously noted this antagonistic effect Lactobacillus casei and "lactose negative" L. casei strains failed to respond to D-phenylalanine, D-valine, D-leucine, and D-isoleucine, although the organisms respond readily to the L-forms of these amino acids which are essential for satisfactory growth. The L. casei strains were able to grow in the presence of D-glutamic acid or D-aspartic acid, though at a slower rate than in the, presence of the corresponding L-amino acids.
Lactobacillus plantarum showed essentially no response to D-phenylalanine, a much delayed response to D-valine, and only a moderatedly delayed response to D-leucine, D-isoleucine, and D-glutamic acid. Unlike the other species studied, L. plantarum did not respond to D-aspartic acid.
The heterofermentative Lactobacillus fermenti either did not respond or responded very slowly to D-phenylalanine but responded quite promptly to D-valine, D-leucine, D-isoleucine, D-glutamic acid, and D-aspartic acid, though certain cultures exhibited delay or poor growth in some instances. Of the several species of lactobacilli used for the tests L. fermenti was best able to utilize D-amino acids.
Some of the D-amino acids that can be utilized by lactobacilli were needed in greater amount than the usual L-or DL-forms. The response of L. casei and L. plantarum to D-glutamic acid is retarded by larger amounts of L-aspartic acid, but no such effect was observed with L. fermenti.
Different strains of each species behave in a similar manner for the most part, so that there is considerable uniformity in the response to D-amino acids on the part of different cultures assigned to the species on the basis of other differential tests.
